Available online at www.sciencedirect.com 


ScienceDirect 


JOURNAL OF 


www.elsevier.com /locate /jpowsour 


ELSEVIER 


Journal of Power Sources 165 (2007) 854-860 


Water-gas shift reaction over magnesia-modified Pt/CeO, catalysts 
Andréa M. Duarte de Farias, Ana P.M.G. Barandas, Rafael F. Perez, Marco A. Fraga * 


Laboratorio de Catdlise, Instituto Nacional de Tecnologia, Av. Venezuela, 82/518 20081-312 Rio de Janeiro, RJ, Brazil 


Received 14 November 2006; received in revised form 19 December 2006; accepted 20 December 2006 
Available online 5 January 2007 


Abstract 


Fuel cells have risen as a clean technology for power generation and much effort has been done for converting renewable feedstock in hydrogen. 
The water-gas shift reaction (WGS) can be applied aiming at reducing the CO concentration in the reformate. As Pt/CeO, catalysts have been 
pointed out as an alternative to the industrial WGS catalysts, the modification of such systems with magnesium was investigated in this work. It 
was shown that the addition of MgO to Pt/CeO, increased the activity and stability of the catalyst irrespective of the preparation method used, 
either impregnation or co-precipitation. Based on TPR and IR spectroscopy experiments, it was seen that the presence of magnesium improved 
ceria reduction favoring the creation of OH groups, which are considered the active sites for the WGS reaction. The evolution of the surface species 
formed under reaction conditions (CO, HO, H2) observed by DRIFTS evidenced that the formation of formate species and the generation of CO, 
is closely attached to each other; under a reaction stream containing hydrogen the presence of formate species showed to be more relevant while 
the CO, formation was hindered. It is suggested that the addition of MgO favors the formate decomposition and lower the carbonate concentration 


on the catalyst surface during WGS reaction. 
© 2007 Elsevier B.V. All rights reserved. 


Keywords: WGS; Fuel cell; Mg; Pt/CeO2; DRIFTS 


1. Introduction 


Power generation by means of proton exchange membrane 
(PEM) fuel cells fed with hydrogen is a promising alternative to 
the internal combustion engine. However, in order to ensure long 
and efficient use of the cell membrane, highly pure hydrogen 
must be provided. 

The reforming of different feedstocks, such as hydrocarbons, 
gasoline, methanol and ethanol may be used to generate hydro- 
gen. These processes, irrespective of the technology route used, 
normally produce a mixture of CO, CO2, Hz and CH4. The 
removal of CO from the reformate is compulsory, though, as it 
poisons the platinum-alloy catalysts found in the cell electrodes. 

Water-gas shift (WGS) reaction has found then a renewed 
interest. It can reduce the CO content to | vol.%, producing an 
additional mole of hydrogen (Eq. (1)): 


CO + H0O © Hy+CO, (AH= —41.2kImol7!) (1) 
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The reformate purification must be followed by a second 
stage, which may be the preferential oxidation of CO (PROX) 
or the methanation, since it is mandatory to reach a CO level 
lower than 50 ppm. 

The WGS reaction is well established in large steady-state 
operations such as hydrogen or ammonia plants. It is indus- 
trially catalyzed by two different materials depending on the 
temperature adopted; high temperature shift (350-450 °C) on 
FeCr-based catalysts and low temperature shift (180-250 °C) on 
CuZn-based systems. Cu-based catalysts have strong drawbacks 
concerning their pyrophoricity and the need for a long-term 
activation step, which make them inappropriate for fuel cells, 
especially regarding their operational cycles. 

The low temperature WGS reaction is limited by kinetics 
and, therefore, the development of advanced catalysts has been 
highly demanded. Noble metal/reducible oxide systems have 
advantages not shown by the traditional catalysts as they can 
combine high activity and stability [1]. Several metal/support 
associations have been studied [2—4] and, consequently, kinetic 
[5] and mechanistic [6—9] issues have been continuously studied. 
Among those systems Pt/CeO, catalyst seems to be the most 
promising so far, exhibiting good performance. 


A.M. Duarte de Farias et al. / Journal of Power Sources 165 (2007) 854-860 855 


One of the proposed mechanisms is the ceria-mediated redox 
process [9-11], whereby CO adsorbed onto the metal is oxidized 
by ceria. The second step in the mechanism would involve ceria 
reoxidation by water as shown in the reaction scheme (x is a 
general adsorption site): 


CO +x— COnaa 
H20 +x— Ox +H2 


COaa + Oaa > CO2 + 2x 


Another explanation that may describe the WGS reaction of 
metal promoted CeO% is the formate mechanism [6]. In this 
case, surface formates, produced from CO reaction with active 
OH groups on the partially reduced surface of ceria, could serve 
as intermediates, such surface formates would be decomposed 
to hydrogen and unidentate carbonate, prior to the liberation of 
CO3 [6,7,12]: 


CO +x— CO 

H20 + 2x—> Haa + OHaa 
OHaa + COaa > HCOOad + x 
HCOO,ga +x —> [CO2]aa + Haa 


2Haq > H2 + 2x 


Evidence for this mechanism was primarily obtained by 
infrared spectroscopy investigations and was also supported 
by earlier studies regarding the decomposition of formic acid 
over different oxides, particularly MgO, ZnO, Fe304 and Cr203 
[6,13]. 

Even though the WGS reaction mechanism must be better 
understood, it is also rather important to search for stability. 
Deactivation of noble metal catalysts has been reported by sev- 
eral research groups [8,14,15] and it is definitely a relevant 
issue that cannot be forgotten. Amongst the several proposals 
to explain such process, the over-reduction of ceria due to the 
presence of hydrogen in the gas stream [16] and the forma- 
tion of carbonate species onto the catalyst surface [14] can be 
outlined. 

Moreover, the possibility of methane formation from hydro- 
gen and CO in the reformate [3,17], which would decrease 
the H2/CO ratio, is another question that must be verified 
when designing new catalysts for hydrogen purification by 
WGS. A recent report [18] has shown that the addition of 
basic oxides to Pt/Al203, which favors methanation under 
water-gas shift reaction conditions, hinders the hydrocarbon 
formation and also increases the water-gas shift reaction 
rate. 

In this context, this contribution aims at evaluating the 
effects brought about by adding magnesium to Pt/CeO2 con- 
cerning, especially, the catalytic activity. MgO was chosen 
due to its basic character and the performance in formic acid 
dehydrogenation. 


2. Experimental 
2.1. Materials preparation 


Cerium oxide and magnesium oxide were synthesized by 
using the precipitation method described elsewhere [19]. After 
precipitation and washing until constant pH, the solid was cal- 
cined at 500°C for 1h. Two magnesia-modified supports were 
prepared using different methods, namely impregnation and co- 
precipitation. 

The first sample, labeled hereinafter MgO-CeO2 I, was 
obtained by impregnating cerium oxide with an aqueous solu- 
tion of Mg(NO3)2 in which the concentration was calculated to 
result in the formation of a MgO monolayer. The calculation 
considered the oxides crystallographic data. The resulting MgO 
content was thus 1.4 wt.%. This solid was dried and calcined at 
500°C for 2h with a heating rate of 10°C min7!. 

The same precipitation procedure [19] used to prepare 
the bare reference oxides was followed to co-precipitate a 
MgO-CeO, powder (MgO-CeO, P) from their respective 
nitrates; the loading of MgO was the same as that used for the 
impregnated-prepared sample. 

Finally, 1 wt.% Pt catalysts were prepared by incipient wet- 
ness impregnation with a H2PtCle (Merck) aqueous solution 
followed by calcination in air (50 mL min!) at 500°C for 4h 
with a heating rate of 10°C min™!. 


2.2. Standard characterization 


XRD patterns of all samples were conducted on a Philips 
X’ Pert powder diffractometer with Cu Ka radiation (1.5406 A), 
operating at 30 kV and 40 mA. The analyses were carried out at 
0.05° per step and 2 s per step over a 20 range of 20—80°. Scherrer 
equation was used for crystallite mean diameter calculations 
based on the (1 1 1) reflection of cerium oxide. 

BET specific area measurements were obtained in a 
Micromeritics ASAP 2010 equipment. The samples were pre- 
treated under vacuum at 150°C. 

TPR experiments were conducted using a fixed bed tubular 
reactor unit equipped with a thermal conductivity detector. The 
gas composition was 2% H/N> flowed at 30mL min7! through 
150 mg of catalyst while raising the temperature from 25 to 
850°C at a heating rate of 10°C min™!. 


2.3. Diffuse reflectance infrared Fourier transform 
spectroscopy (DRIFTS) 


The experiments were carried out in a Nicolet Magna 560 
equipped with a high temperature chamber fitted with ZnSe 
windows (SpectraTech), which was used as the WGS reactor 
for in situ reaction measurements. Spectra were taken at reso- 
lution of 4cm7! and 256 scans to improve the signal to noise 
ratio. Three different sets of experiments were performed by 
gradually varying the gas phase composition, basically 3 vol.% 
CO/He, 3 vol.% CO/10 vol.% H2O/He and 60 vol.% H2/3 vol.% 
CO/6.6 vol.% H2O/He. Water was provided by using a satura- 
tor. The mixtures were first admitted into the cell at 200°C and 
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spectra were collected at different temperatures after 30 min at 
each temperature. 


2.4. Catalytic evaluation 


The reaction was conducted with different residence times 
depending on the type of experiment: reaction rate calcula- 
tion, which was determined under differential conditions, and 
long-term stability tests. The reactant mixture was primar- 
ily composed by 60.0 vol.% H20, 6.0 vol.% CO, 16.0 vol.% 
H2, 1.6 vol.% CO2 and 0.4 vol.%CHy4 (N2 balance), simulat- 
ing a typical reformate composition from partial oxidation of 
ethanol [20]. Shift catalysts were diluted with SiC (catalyst/SiC 
ratio = 1:5) and the reaction was performed at 300 °C and atmo- 
spheric pressure in a fixed bed tubular reactor attached to a 
TCD gas chromatograph (Agilent 6890N) equipped with a 
packed column Supelco (HayeSep Q) associated with a molecu- 
lar sieve. Reactants flow rates and catalysts masses were varied 
to reach differential conditions in order to calculate reaction 
rates. The long-term stability tests were conducted at 300°C, 
for 70h with 400 mg of catalyst and reactant mixture flow of 
30 mL min~!. Prior to reaction, all samples were submitted to 
“in situ” reduction step at 350°C for 1h under pure hydrogen 
flow (30 mL min~!). 


3. Results and discussion 


XRD patterns of the supports are shown in Fig. 1. All cerium- 
based materials showed only the reflections corresponding to the 
fluorite type structure of CeO2. Basal reflections at 20 =28.6°, 
33.1°, 47.5° and 56.5° are related, respectively, to the planes 
(111), (200), (220) and (3 1 1). 


Intensity / a.u. 


Fig. 1. XRD patterns of the supports: (a) CeO2, (b) MgO-CeO> I, (c) 
MgO-CeO; P, and (d) MgO. 


Table 1 
Specific surface area and CeO mean crystallite size of the supports 


Sample Sper (m? g7!) dceo, (nm)? 
CeO, 93 8.16 
MgO-Ce0; I 75 8.70 
MgO-CeOz P 114 7.44 

MgO 50 - 


à Based on the (1 1 1) reflection at 20 = ~28.6°. 


The MgO XRD profile is also presented in Fig. 1d and 
revealed the formation of a high crystalline periclase structure 
[21]. It can be seen that these reflections are not present over 
the diffractograms of MgO-—CeO? supports, suggesting that this 
phase is either amorphous or well dispersed onto ceria surface. 

The peak broadening of cerium materials was analyzed by 
Scherrer equation and the results are shown in Table 1. The 
addition of magnesium affected the CeO? crystallite size and its 
influence showed to be dependent of the preparation method. 
The crystallite size decreased for the co-precipitated powder 
whereas an opposite behavior was observed over the sam- 
ple prepared by impregnation. Indeed, it has been seen that 
co-precipitation procedure normally causes the diminishment 
observed for MgO-CeOz P as a consequence of the CeO2 
crystallization process in the presence of a second component 
[19,22]. On the other hand, a second calcination step applied 
to obtain the MgO-CeOz I is likely to be credited with the 
crystallite size increase. 

BET surface areas are also summarized in Table |. High spe- 
cific area CeO2-based materials were obtained and these results 
are indeed coherent with the mean crystallite size (dceo, ) varia- 
tion resulted from the magnesium modification. It is also worth 
mentioning that the magnesium oxide prepared by the precip- 
itation method described in Ref. [19] resulted in a material 
characterized by a specific area higher than those commonly 
found in the literature for such oxide (10-15 m? g7!) prepared 
by conventional methods [21]. 

It should be noted that the preparation of Pt catalysts sup- 
ported on such oxides did not significantly affect their main 
structural and textural properties. 

The reducibility of these systems was evaluated by classical 
hydrogen temperature-programmed reduction experiments. 
It is well reported in the literature that the TPR profile of 
bare CeO shows basically the presence of two hydrogen 
consumption zones [19,23]. A first hydrogen consumption peak 
at low temperatures (~450 °C) is attributed to the oxide surface 
reduction. A second broader consumption peak is observed at 
higher temperatures, with a maximum at ~750°C associated 
with the oxide bulk reduction. The addition of metals onto this 
oxide is also known to catalyze its reduction process shifting 
the surface reduction peak to lower temperatures [24]. This 
behavior is indeed shown in Fig. 2a. The peak at 360°C is 
related to the reduction of both platinum and CeO? surface [25], 
which can be confirmed by the amount of hydrogen consumed 
in this stage (Table 2). 

The reducibility of this system is even more affected by 
introducing magnesium. The TPR profiles for Pt/MgO-—CeO2 
I and Pt/MgO-CeO, P presented also a distinct reduction peak 
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H, uptake / a.u. 


150 300 450 600 750 
Temperature / °C 


Fig. 2. TPR profiles of unmodified and Mg-modified catalysts: (a) Pt/CeOz, (b) 
Pt/MgO-CeOy I, and (c) Pt/CeO2—-MgO P. 


(Fig. 2b and c), however, the position and area of this peak 
is pretty different for each sample. Higher hydrogen uptakes 
were determined for these samples (Table 2) and the reduc- 
tion was centered at 315 and 336°C for Pt/MgO-CeOy I and 
Pt/MgO-CeOy P, respectively, which are rather lower if com- 
pared to the Pt/CeO2 catalyst. These results indicate that the 
catalyst reduction process is indeed facilitated by magnesium. 

Taking into account the different mechanism proposals found 
in the literature, a series of experiments was performed by 
DRIFTS in order to monitor the species involved in the WGS 
reaction. Different gas compositions were progressively utilized 
in the experiments as described in the previous section. 

Prior to the admission of the first mixture to the DRIFTS cell, 
the catalysts were reduced “in situ” under hydrogen to repro- 
duce the reaction protocol. This reduction step was also studied 
by IR spectroscopy and the spectrum evolution may be seen 
in Fig. 3. A decrease in the intensities of absorption bands in 
the 1700-1250 cm™! range, corresponding to surface carbonate 
species, may be clearly seen as the temperature is raised. Simul- 
taneously, those bands related to the stretching vibration of type 
II OH groups [22] are defined at around 3650 cm™!. 

After purging the cell with nitrogen, a 3 vol.% CO/He flow 
was then admitted at two different temperatures. The spec- 
tra resulted from this adsorption are shown in Fig. 4. Table 3 
summarizes the most important band positions observed in all 
experiments. 

The bands observed within 1800-1200cm7! are related 
to OCO stretching vibration. This region is pretty confusing 
because the absorptions may be associated either to surface car- 
bonates originated by the CO adsorption or to the formate species 
resulted from CO interaction with the reduced support as previ- 


Table 2 

Catalysts hydrogen uptake from TPR experiments 

Catalyst Reduction temperature (°C) H2 (pmol g7!) 
Pt/CeO2 360 703 
Pt/MgO-CeO; I 315 789 
Pt/MgO-CeO? P 336 731 


1630 


0.5 
25'°C 


150 °C 


200 °C 
250 °C 


300 °C 


Absorbance / a.u. 


350 °C 


3650 


400 °C 


450 °C 


4000 3000 2000 1000 
Wavenumbers (cm) 


Fig. 3. DRIFTS spectra collected at different temperatures to follow the Pt/CeO2 
reduction under pure H2. 


ously pointed out by Jacobs et al. [7]. Only by analyzing the C-H 
stretching vibration region (set of bands at around 2900 cm7 !), 
the formation of formates may be ensured. 

The shoulders at around 1410 and 1350cm7! may be respec- 
tively assigned to v(OCO) asymmetric and symmetric vibrations 
from carbonate species. On the other hand, the bands at 1566 and 
1325 cm! could be attributed to the same OCO vibrations from 
formate species. The related C-H stretching vibrations are also 
seen in Fig. 4 at 2945 and 2848 cm7!, markedly when increasing 
the temperature to 250 °C, confirming the generation of formate 
species and showing their evolution. 


‘Oo 
O 
N 


250 °C 


200 °C 


Absorbance / a. u. 


After 
reduction 


at 350 °C 


T T T T 
3000 2400 1800 1200 


Wavenumbers /cm’! 


T 
3600 


Fig. 4. DRIFTS spectra collected after CO (3 vol.% in He) adsorption at 200 
and 250°C over Pt/CeOz and after reduction at 350°C. 
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Table 3 
IR frequencies for the surface species analyzed 


Species Position (cm7!) 
Pt-CO 2062 
CO2 2360, 2340 
OH type II 3650 
Formate 
v(OCO) asymmetric 1566 
v(OCO) symmetric 1325 
u(C-H) 2848, 2945 
Carbonate 
v(OCO) asymmetric 1410 
v(OCO) symmetric 1350 


The intense peak at 2062cm7! is related to linear Pt-CO 
vibration, indicating the presence of large platinum clusters [7]. 
However, the absorption tail towards lower wavenumbers might 
suggest that a fraction of CO adsorbs on smaller clusters of plat- 
inum. Such downshift for small particles is usually attributable 
to electronic effects or surface energetics [26]. 

Moving to the hydroxyl stretching region (3800-3600 cm7!), 
type II OH groups are observed, as already mentioned. However, 
after CO admission the band at ~3650 cm7! decreases, giving 
rise to negative absorption bands. At this point, it is important 
to note that such negative bands occur because the spectra col- 
lected at 200 and 250 °C were taken by using the reduced sample 
spectrum (also shown in Fig. 4) as background. 

Finally, CO2 bands (2360 and 2340 cm!) can be observed 
as a consequence of CO oxidation. 

Based on this set of bands, it can be concluded that formate 
species are indeed formed by the adsorption of CO onto the sup- 
port reduced surface, much probably through the reaction with 
OH groups as suggested so far in the literature. These hydroxyl 
groups have been claimed to be the active sites for WGS over 
Pt/CeOy [7]. 

The second experiment was carried out by reproducing ideal 
reaction conditions, i.e., the spectra were collected after the 
adsorption of a simple CO/H2O mixture over the reduced cata- 
lyst. The same surface species as well as CO2 were detected as 
shown in Fig. 5. Following the evolution of these bands along 
with temperature it may be verified that the consumption of the 
hydroxyl groups (Fig. 5a) occurs concomitantly to the gradual 
decrease of formate vibrations (Fig. 5b) while the CO2 presence 
(Fig. 5c) becomes more significant. 

By adding hydrogen to the CO/H20 mixture, in the third 
set of experiment, only few perturbations were observed. Fig. 6 
compares only the formate C—H and the CO2 regions for dif- 
ferent gas compositions, with and without hydrogen in the 
stream. As could also be suggested from Fig. 5, the forma- 
tion of formate species and the generation of CO2 seem to be 
closely attached to each other; under a reaction stream contain- 
ing hydrogen the presence of formate species is more relevant 
while the CO2 formation is hindered. It is quite reasonable 
bearing in mind that the WGS is an equilibrium reaction (Eq. 
(1)) and the introduction of a product would inhibit the desired 
reaction. 


(b) (c) 
a 
Q 
Q 
z 
k =A 
© 
4 
Sg 
= 
3800 3600 3000 2800 2400 2200 


Wavenumbers /cm'! 


Fig. 5. DRIFTS spectra collected after adsorption of 3 vol.%CO/10 vol.%H20 
over Pt/CeOz: stretching vibrations bands of (a) OH, (b) C-H, and (c) CO2. 
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Fig. 6. Formate v(C-H) stretching region and CO absorption bands after 
adsorption of different gas mixtures at 250°C over Pt/CeQz: (a) 3 vol.% 
CO/10 vol.% H20 and (b) 3 vol.% CO/6.6 vol.% H20/60.0 vol.% H2. 


All catalysts exhibited similar spectra with some differences 
in the band intensities and are not shown in detail. The results 
found in this work are in agreement with the formate mechanism 
proposed in the literature, even though the redox-based approach 
may not be completely ruled out. Furthermore, they evidence 
that the use of a gas composition as close as possible to real 
reaction conditions is a key factor for designing new catalytic 
systems. 

Table 4 presents the reaction rates determined at 300 °C under 
differential conditions. It is shown that CeO? catalysts are in fact 
more active than Pt/MgO, as reported in the literature [2,27]. 


Table 4 
Water-gas shift reaction rate at 300°C 


Catalyst r (umol g~! s7!) 
Pt/CeO2 1.89 
Pt/MgO-CeO; I 2.80 
Pt/MgO-CeO2 P 2.63 
Pt/MgO 0.71 
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Indeed, the performance of the Pt/CeO2 sample prepared in this 
work is better than similar samples recently presented by other 
authors [18]. Still, it is important to note that different values 
for the WGS reaction rate are reported in the literature for such 
system, even with similar reaction conditions. Differences in the 
preparation procedure may be tentatively associated with such 
distinct performances as it deeply affects the catalyst character- 
istics; structural, textural, morphological and redox properties 
can be considered as the main factors for optimal catalyst design 
[2,28]. 

The introduction of magnesium also generated highly active 
catalysts (Table 4), indicating that magnesium may be playing 
an important role in the reaction regardless of the preparation 
method used for its introduction. 

The calculated apparent activation energies for the CeO- 
based catalysts are quite similar, between 93.17 and 
98.02kJ mol~!. It can thus be said that the reaction occurs 
through the same mechanism over all CeO2-based catalysts stud- 
ied in this work, in other words, the rate-limiting step is the same 
in all cases. 

The DRIFTS results presented and discussed herein evi- 
denced the presence of formate species, which could corroborate 
with the associative mechanism proposed in the literature. In this 
mechanism the reduction of the support, and consequently the 
generation of oxygen vacancies, is crucial as they give rise to 
bridging OH groups responsible for the formation of the formate 
species. Moreover, in such proposal, the decomposition of this 
species is claimed to be the key step of the reaction. 

The results presented in this work suggest that the pres- 
ence of MgO on Pt/CeO, catalysts would favor the formate 
decomposition, releasing H2 and CO2. Such a role played 
by MgO has indeed been reported for the dehydrogenation 
of formic acid [13,29,30]. Nevertheless, the low reaction rate 
observed for Pt/MgO revealed that such property is not enough 
by itself, and outlined the need for sites on which these formate 
species can be formed. Such synergism may be accomplished 
on Pt/MgO-CeO2 systems. The TPR patterns revealed that the 
addition of magnesium also improved the catalysts reducibility, 
which should thus increase the concentration of OH active sites 
and, consequently, increase the concentration of surface formate 
species. 

Catalytic stability is also a relevant issue concerning 
water-gas shift catalysts for fuel cell application. Hence, the 
Mg-modified Pt/CeO2 catalysts were submitted to long-term 
experiments under actual reformate composition in order to 
briefly evaluate their overall performance (Fig. 7). 

It can be observed that Pt/CeO? catalyst clearly undergoes 
deactivation. Right after the reaction starts up, CO conversion is 
around 45% and gradually decreases up to 30% after 70h. On 
the contrary, the addition of magnesium significantly increases 
the catalyst stability. It is also worth mentioning that no methane 
was formed within the whole experiment over any catalyst. 

The causes for the deactivation over noble metal catalysts 
have been still extensively debated. Amongst one of the expla- 
nations suggested so far, the formation of highly stable carbonate 
under reaction conditions can be mentioned [15]. Therefore, 
FTIR spectra in the carbonate vibration region were collected 
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Fig. 7. Evolution of CO conversion along with reaction time under 6.0 vol.% CO, 
16.0 vol.% H2, 1.6 vol.% CO2, 60.0 vol.% H20 and 0.4 vol.% CHy at 300°C. 
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Fig. 8. FTIR spectra in the carbonate region of: (a) Pt/CeOz and (b) 
Pt/MgO-CeO3 I. 


with the catalysts after the long-term experiments and they are 
depicted in Fig. 8. Indeed, it may be seen that the Pt/CeOz, which 
showed to deactivate in time, presented stronger absorptions at 
1624, 1532 and 1359 cm7!, related to different carbonate species 
onto the catalyst surface. Although these bands are also present 
on the magnesium-modified sample spectrum, their intensity is 
rather lower, indicating that a lower concentration of carbonate 
are formed over this catalyst. 


4. Conclusions 
Addition of MgO to Pt/CeO2 increased the activity and 


stability of the catalyst. It seems to favor the formate decom- 
position and lower the carbonate concentration on the catalyst 
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surface during WGS reaction. The presence of magnesium 
also improved ceria reduction favoring the creation of OH 
groups, which are considered to be the active sites for the WGS 
reaction. 
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